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RECEIVER/TRANSMITTER CIRCUIT 

CROSS REFERENCE TO RELATED APPLICATION 

A claim of priority under 35 U.S.C. §119 is made to Japanese Patent 
Application No. 2002-299260, filed October 11, 2002, which is herein 
incorporated by reference in their entirety for all purposes. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to a receiver/transmitter circuit, and more 
specifically to a receiver/transmitter circuit which reduces noise. 

DESCRIPTION OF THE RELATED ART 

A conventional receiver/transmitter circuit has an antenna terminal, a 
transmitter circuit for transmitting a transmission signal to the antenna, a 
receiver circuit for amplifying a reception signal from the antenna terminal, an 
antenna switch for selectively transmitting the transmission signal from the 
transmitter circuit to the antenna terminal and the reception signal from the 
antenna terminal to the receiver circuit, and a phase locked loop circuit which 
oscillates for frequency conversion at the transmitter circuit and the receiver 
circuit. The transmitter circuit includes a power amplifier (PA), and the 
receiver circuit includes a low noise amplifier (LNA) which amplifies the 
reception signal. The antenna switch includes a switch which connects the 
antenna terminal to the power amplifier and a switch which connects the 
antenna terminal to the low noise amplifier. The conventional 

receiver/transmitter circuit is disclosed in Japanese Patent Laid-Open No. 
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2002-76956. 

However, the conventional receiver/transmitter circuit can radiate noise 
when switching from a receiving node to a transmitting node. There are two 
major causes of this problem. First, rapid switching of the antenna switch 
itself radiates noise via the antenna terminal. Second, a load change at an 
oscillator of the phase locked loop during switching of the antenna switch can 
cause the frequency at the oscillator to change, thus generating noise in the 
transmission signal. 



SUMMARY OF THE INVENTION 

According to one aspect of the present invention, there is provided a 
receiver/transmitter circuit which includes an antenna terminal, a transmitter 
circuit which outputs a transmission signal in response to a transmit control 
signal, a receiver circuit which receives a reception signal from the antenna 
terminal, a waveform control circuit which outputs a switching signal that has 
a gradual waveform transition in response to the transmit control signal, a first 
switch connected between the antenna terminal and the transmitter circuit, 
wherein the first switch transfers the transmission signal to the antenna 
terminal in response to the switching signal, and a second switch connected 
between the antenna terminal and the receiver circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram showing a receiver/transmitter circuit of a 
first preferred embodiment. 

Fig. 2 is a schematic diagram showing a receiver/transmitter circuit of a 
second preferred embodiment. 

Fig. 3 is a schematic diagram showing a current source circuit 301 



2 




F-02ED0063 



depicted in Fig. 2. 

Fig. 4 is a plot of a state of a transmit control signal 112 and a state of a 
switching signal 114. 

Fig. 5 is a schematic diagram showing a receiver/transmitter circuit of a 
third preferred embodiment. 

Fig. 6 is a schematic diagram showing a receiver/transmitter circuit of a 
fourth preferred embodiment. 

Fig. 7 is a schematic diagram showing a receiver/transmitter circuit of a 
fifth preferred embodiment. 

Fig. 8 is a plot showing the transmit control signal 112, a switching 
signal 914 and a frequency outputted from a PLL circuit 108. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A receiver/transmitter circuit according to preferred embodiments of the 
present invention will be explained hereinafter with reference to the 
accompanying figures. In order to simplify the explanation, like elements are 
given like or corresponding reference numerals. Dual explanations of the 
same elements are avoided. Also, in the figures, signals and their respective 
wirings are denoted by the same reference numerals. 

First preferred embodiment 

Fig. 1 is a schematic diagram showing a receiver/transmitter circuit of a 
first preferred embodiment. The receiver/transmitter circuit of the first 
preferred embodiment includes an antenna terminal 101, a transmitter circuit 
102 for outputting a transmission signal 110 to the antenna terminal 101, a 
receiver circuit 103 for amplifying a reception signal 111 from the antenna 
terminal 101, an antenna switch 104 for selectively supplying the transmission 
signal 110 outputted from the transmitter circuit 102 to the antenna terminal 
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101 or the reception signal 111 from the antenna terminal 101 to the receiver 
circuit 103, a phase locked loop (PLL) circuit 108 for generating an signal used 
in the transmitter circuit 102 and the receiver circuit 103, a waveform control 
circuit 109 for outputting a switching signal 114 that has a gradual logic 
transition in response to a transmit control signal 112, and a switch circuit SW3 
for selectively supplying the output signal from the PLL circuit 108 to 
transmitter circuit 102 or the receiver circuit 103. The antenna terminal is 
connected to an antenna ANT. 

The transmitter circuit 102 includes a power amplifier (PA) 105. The 
receiver circuit 103 includes a low noise amplifier (LNA) 106 and a mixer 107. 
The mixer 107 mixes an output signal from the LNA 106 and an output signal 
from the PLL circuit 108 and outputs a mixed signal to a next circuit (not 
shown). The antenna switch 104 includes a switch element SW 1 for 
connecting the antenna terminal 101 to the power amplifier 105 and switch 
element SW2 for connecting the antenna terminal 101 to the low noise 
amplifier 106. 

The switch element SW1 includes an NMOS (N'channel type Metal 
Oxide Semiconductor) transistor. The NMOS transistor of the switch element 
SW1 includes a first electrode connected to the antenna terminal 101, a second 
electrode connected to an output terminal of the power amplifier 105 and a 
control electrode connected to the waveform control circuit 109 via a resistor Rl. 
The resistor Rl inhibits the flow of current and/or noise from the transmit 
signal line 110 and the receive signal line 111 to the control signal line 114. 
The switch element SW2 includes an NMOS transistor. The NMOS 
transistor of the switch element SW2 includes a first electrode connected to the 
antenna terminal 101, a second electrode connected to an input terminal of the 
low noise amplifier 106 and a control electrode connected to receive control 
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signal 113. The resistor R2 inhibits the flow of current and/or noise from 
transmit signal line 110 and the receive signal line 111 to the control signal line 
113. 

The waveform control circuit 109 is a low pass filter including a resistor 
R3 and a capacitor Cl. One end of the resistor R3 is connected to the 
switching signal line 114 and the other end of the resistor R3 is connected to the 
transmit control signal fine 112. The capacitor Cl is connected between the 
one end of the resistor R3 and a ground voltage node. The ground voltage 
node is applied with a ground voltage. For example, a value of these resistors 
Rl, R2 and R3 are about 15 KQ. 

An operation of the receiver/transmitter circuit in the first preferred 
embodiment is described below. 

First, a receive operation is described. In the receive operation, the 
receive control signal 113 has a high level (“H”) and the transmit control signal 
112 and the switching signal 114 have a low level (“L”). A state of the 
transmit control signal 112 and a state of the switching signal 114 is shown in 
Fig. 4. The transmit control signal 112 and the switching signal 114 is the “L” 
level at tO. The switch element SW2 is switched ON in response to the “H” 
level of the receive control signal 113. While the switch element SW2 is ON, 
the antenna terminal 101 is connected to the input terminal of the low noise 
amplifier 106. The switch element SWl is switched OFF in response to the 
“L” level of the switching signal 114. While the switching signal 114 is OFF, 
the antenna terminal 101 is disconnected to the input terminal of the power 
amplifier 105. That is, a signal received in the antenna ANT is transferred to 
the low noise amplifier 106 (the receive circuit 103) via the antenna terminal 
101, the switch element SW2 and the receive signal line 111. 

Second, an operation for changing from a receive operation to a 
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transmit operation is described. When the operation changes from the 
receive operation to the transmit operation, the transmit control signal 112 and 
the switching signal 114 change from the “L” level to the “H” level. The state 
of the transmit control signal 112 and the switching signal 114 at this time is 
shown in Fig. 4 at tl. The transmit control signal 112 has a pulse shaped 
waveform. The switch circuit SW3 connects the PLL circuit 118 to the input 
terminal of the power amplifier 105 in response to the “H” level of the transmit 
control signal 112. The power amplifier 105 is activated in response to the 
“H” level of the transmit control signal 112. 

The waveform control circuit 109 generates a switching signal 114 that 
has a gradual logic transition based on the transmit control signal 112. When 
the transmit control signal 112 turns to the “H” level, the capacitor Cl is 
charged. Since the capacitor Cl is charged, the level of node nl (the level of 
the switching signal 114) is gradually raised. A rising speed of the voltage 
level at node nl can be controlled by choice of the value of the resistor R1 and 
the value of the capacitor Cl. The switch element SW1 is gradually turned 
on, in response to the switching signal 114 that gradually changed from the “L” 
level to the “H” level. A length of time for changing from the “L” level to the 
“H” level at the switching signal 114 is in the range of 1 ps to lOps. 
Accordingly, the switch element SW1 is turned on, and the antenna terminal 
101 is connected to the power amplifier 105. Since the switch element SW1 is 
gradually turned on, the noise generated from the switch element SW1 is 
reduced. 

The receive control signal 113 changes from the “H” level to the “L” level. 
The switch element SW2 is turned off in response to the “L” level of the receive 
control signal 113. The low noise amplifier 106 and the mixer 107 are 
deactivated in response to the “LT level of the receive control signal 113. 
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In the operation described above, the transmission signal 110 outputted 
from the power amplifier 105 is transferred to the antenna terminal 101 via the 
transfer signal line 110 and the switch element SW1. 

The receiver/transfer circuit of the first embodiment includes the 
waveform control circuit 109 that graduates the logic transition of the transmit 
control signal 112 and outputs the graduated signal as the switching signal 114. 
As a result, the noise generated in the switch element SW1 is reduced and the 
noise radiated from the antenna ANT is reduced. 

Second preferred embodiment 

Fig. 2 is a schematic diagram showing a receiver/transmitter circuit of a 
second preferred embodiment. In the receiver/transmitter circuit of the 
second embodiment, a waveform control circuit 109 in the receiver/transmitter 
circuit of the first embodiment is replaced with the waveform control circuit 309. 
Other components are the same as disclosed in the first embodiment shown in 
Fig. 1. 

The waveform control circuit 309 is connected to the switch element 
SW1 via the resistor Rl. The waveform control circuit 309 includes a current 
source circuit 301 for outputting a set current in response to the transmit 
control signal 112 and a capacitor C31 for storing a charge inputted on the node 
n31. 

Fig. 3 is the schematic diagram showing the current source circuit 301. 
The current source circuit 301 includes a current source 401 for outputting a 
predetermined current Iref, a switch elements SW41 and SW42 for operating in 
response to the transmit control signal 112, NMOS transistors N1 and N2 for 
forming a first current mirror circuit, and PMOS (P*channel type Metal Oxide 
Semiconductor) transistors PI and P2 for forming a second current mirror 
circuit. The current source 401 is coupled between a power voltage node and 
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the NMOS transistor Nl. A power voltage VDD is supplied to the power 
voltage node. The switch element SW41 is connected between the NMOS 
transistor N2 and the node n31. The switch element SW42 is connected 
between the power voltage node and the gates of the PMOS transistors PI and 
P2. The NMOS transistor Nl has a source electrode connected to a ground 
voltage node, a drain electrode connected to the current source 401 and a gate 
electrode connected to the drain electrode. A ground voltage GND is supplied 
to the ground voltage node. The NMOS transistor N2 has a source electrode 
connected to the ground voltage node, a drain electrode connected to the PMOS 
transistor PI and a gate electrode connected to the gate electrode of the NMOS 
transistor Nl. The NMOS transistor Nl and the NMOS transistor N2 forms 
the first current mirror circuit. The NMOS transistor Nl is a current input 
side of the first current mirror circuit and the NMOS transistor N2 is a current 
output side of the first current mirror circuit. The NMOS transistor Nl is 
designed same dimension as the NMOS transistor N2. 

The PMOS transistor PI has a source electrode connected to the power 
voltage node, a drain electrode connected to the drain electrode of the NMOS 
transistor N2 and a gate electrode connected to the drain electrode of the PMOS 
transistor PI. The PMOS transistor P2 has a source electrode connected to 
the power voltage node, a drain electrode connected to the node n31 and a gate 
electrode connected to the gate electrode of the PMOS transistor PI. The 
PMOS transistor PI and the PMOS transistor P2 form the second current 
mirror circuit. The PMOS transistor PI is a current input side of the second 
current mirror circuit and the PMOS transistor P2 is a current output side of 
the second current mirror circuit. The PMOS transistor PI is designed same 
dimension as the PMOS transistor P2. The capacitor C31 is connected 
between the node n31 and the ground voltage node. The node n31 is 



8 




F-02ED0063 



connected to the switch element SW1 via the resistor Rl. 

An operation of the receiver/transmitter circuit in the second preferred 
embodiment is described below. 

First, an operation at receiving is described. In a receive operation, 
the receive control signal 113 has the “H” level and the transmit control signal 
112 and the switching signal 114 have the “L” level. The switch element SW2 
is switched ON in response to the “H” level of the receive control signal 113. 
While the switch element SW2 is ON, the antenna terminal 101 is connected to 
the input terminal of the low noise amplifier 106. The switch element SW1 is 
switched OFF in response to the “L” level of the switching signal 114. While 
the switching signal 114 is OFF, the antenna terminal 101 is disconnected to 
the input terminal of the power amplifier 105. That is, a signal received in 
the antenna ANT is transferred to the low noise amplifier 106 (the receive 
circuit 103) via the antenna terminal 101, the switch element SW2 and the 
receive signal line 111. 

Second, an operation for changing from a receive operation to a 
transmit operation is described. When the operation changes from the 
receive operation to the transmit operation, the transmit control signal 112 and 
the switching signal 114 change from the “L” level to the “H” level. 

The state of the transmit control signal 112 and a state of the switching 
signal 114 is shown in Fig. 4. The transmit control signal 112 and the 
switching signal 114 is the “L” level at tO. The transmit control signal 112 
changes from the “L” level to the “H” level at the tl. The transmit control 
signal has a pulse shaped waveform. The switch circuit SW3 connects the 
PLL circuit 118 to the input terminal of the power amplifier 105 in response to 
the “H” level of the transmit control signal 112. The power amplifier 105 is 
activated in response to the “H” level of the transmit control signal 112. 
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The waveform controls circuit 309 generates a switching signal 114 that 
has a gradual waveform based on the transmit control signal 112. The 
current source circuit 301 supplies a current to the node n31 in response to the 
“H” level transmit control signal 112. The capacitor C31 is charged by the 
charge from the node 31. Since the capacitor C31 is charged, the level at the 
node n31 is raised gradually. A rising speed of the voltage level at node n31 
can be controlled by the current value outputted from the current source circuit 
301 and the value of the capacitor C31. 

An operation of the current source circuit 301 is described using the Fig. 
3. The switch elements SW 41 and SW 42 are turned on in response to the 
“H” level of the transmit control signal 112. The current Iref outputted from 
the current source 401 is flow through the NMOS transistor Nl. Since the 
NMOS transistors Nl and N2 form the current mirror circuit and the 
dimension of these transistors are same, the current Iref flows through the 
PMOS transistor PI. Since the PMOS transistors PI and P2 form the current 
mirror circuit and the dimension of these transistors are same, the current Iref 
flows through the PMOS transistor P2. The current Iref flowed through the 
PMOS transistor P2 flows to the capacitor C31. 

The charge is stored in the capacitor C31 by flowing the current Iref to 
the capacitor C31. As a result, the level at the node n31 rises gradually. 
That is, the switching signal 114 gradually changes from the “L” level to the “H” 
level. 

The rising speed of the voltage level at the node n31 is decided by the 
value of the Iref and the value of the capacitor C31. The rising speed of the 
voltage level at the node n31 is shown as follows, 
iref / c31 

In above expression, the value of the current Iref is expressed by iref 
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and the value of the capacitor C31 is expressed by c31. 

The voltage level Vn31 of the node n 31 is approximately equal to iref * 

t / c31. 

The switch element SW1 is turned on gradually in response to the 
graduated switching signal 114. The switch element SW1 is gradually turned 
on in response to the switching signal 114 that gradually changed from the “L” 
level to the “H” level. A length of time of changing from the “L” level to the 
“H” level at the switching signal 114 is in the range of 1 pm to 10pm. 
Accordingly, the switch element SWl is turned on, the antenna terminal 101 is 
connected to the power amplifier 105. Since the switch element SWl is 
gradually turned on, the noise generated from the switch element SWl is 
reduced. 

The receive control signal 113 changes from the “H” level to the “L” level. 
The switch element SW2 is turned off in response to the “L” level of the receive 
control signal 113. The low noise amplifier 106 and the mixer 107 are 
deactivated in response to the “L” level of the receive control signal 113. 

In the operation described above, the transmission signal 110 outputted 
from the power amplifier 105 is transferred to the antenna terminal 101 via the 
transfer signal line 110 and the switch element SWl. 

Third, an operation during from transmitting to receiving is described. 
When the operation changes from the transmitting operation to the receiving 
operation, the transmit control signal 112 changes from the “H” level to the “L” 
level (t2 at Fig. 4). The transmit control signal 112 has a pulse shaped 
waveform. The switch elements SW41 and SW42 are turned on in response 
to the “L” level of the transmit control signal 112. Since the switch elements 
SW41 and SW42 are ON, the PMOS transistors PI and P2 are turned off. 
The current Iref outputted from the current source 401 flows through the 
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NMOS transistor Nl. Accordingly to the NMOS transistor N1 and N2 form 
the current mirror circuit and the dimension of these transistors are designed 
as same, the current Iref flows through the NMOS transistor N2. The charge 
stored in the capacitor C31 is discharged to the ground via the node n31 and the 
NMOS transistor N2. Accordingly, the capacitor C31 is discharged, the level 
of the node n31 is gradually declined. A decline speed of the voltage level at 
the node n31 is decided by the value of the current Iref and the value of the 
capacitor C31. The decline speed of the voltage level at the node n31 is shown 
as follows. 

•iref / c31 

In above expression, the value of the current Iref is expressed by iref 
and the value of the capacitor C31 is expressed by c31. 

The voltage level Vn31 of the node n 31 is approximately equal to VDD - 
iref* t / c31. 

The receive control signal 113 is changed from the “L” level to the “H” 
level. The switch element SW2 is turned on in response to the “H” level of the 
receive control signal. The low noise amplifier 106 and the mixer 107 are 
activated in response to the “H” level of the receive control signal 113. As a 
result, a signal received by the antenna ANT is transferred to the low noise 
amplifier 106 via the switch element SW2 and the receive signal lin e 111. 

The receiver/transfer circuit of the second embodiment includes the 
waveform control circuit 309 that graduates the logic transition of the transmit 
control signal 112 and outputs the graduated signal as the switching signal 114. 
As a result, the noise generated in the switch element SW1 is reduced and the 
noise radiated from the antenna ANT is reduced. 

In the second embodiment, reducing the value of the current Iref can 
slow the rising speed of the voltage level at the node n31. That is, the value 
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of the capacitor C31 can be reduced. As a result, since the small size 
capacitor can be used, total size of the semiconductor device is reduced. 

Third preferred embodiment 

Fig. 5 is a schematic diagram showing a receiver/transmitter circuit of a 
third preferred embodiment. In the receiver/transmitter circuit of the third 
embodiment, the receiver/transmitter circuit includes a resistor R61, a switch 
element SW61 operated in response to the transmit control signal 112 and a 
resistor R62. 

The resistor R62 is connected between the output terminal of the power 
amplifier 105 and the ground voltage node. The ground voltage node is 
applied the ground voltage. A value of the resistor R61 is designed to same 
value as an input impedance of the antenna. When the receiver/transmitter 
circuit disclosed in the third embodiment is used as RF circuit of Bluethooth 
(registered trademark of Telefonaktiebolaget LM Ericsson, Sweden), the value 
of the resistor R61 is designed 50Q. 

The switch element SW61 is connected between the resistor R61 and 
the output terminal of the power amplifier 105. The switch element SW61 
includes a NMOS transistor. The transistor included in the switch element 
SW61 has a gate electrode connected to the transmit control signal line 112 via 
the resistor R62 and an inverter INV61, a first electrode connected to the 
resistor R61 and a second electrode connected to the output terminal of the 
power amplifier 105 via a node n61. An inversion signal of the transmit 
control signal 112 is applied to the control gate of the transistor. 

The input terminal of the power amplifier 105 is connected to the 
oscillator 601 via the switch circuit SW3 and the output terminal of the power 
amplifier 105 is connected to the switch element SW 61 and the switch element 
SW1 via the node n61. 
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An operation of the receiver/transfer circuit in the third preferred 
embodiment is described below. 

First, before a transmit operation, the transmit control signal 112 is the 
“L” level. The switch element SW1 is switched OFF in response to the “L” 
level of the transmit control signal 112. The power amplifier 105 and the 
antenna terminal 101 are disconnected by the switch element SW1. The 
switch element SW61 is switched ON in response to the inverted signal of the 
transmit control signal 112. The output terminal of the power, amplifier 105 
and the resistor R61 are connected by the switch element SW61. That is, the 
load impedance from the output side of the power amplifier 105 is 50Q of the 
resistor R61. 

Second, at the start of the transmit operation, the transmit control 
signal 112 is changed from the “L” level to the “H” level. The switch element 
SW1 is turned on in response to the “H” level of the transmit control signal 112. 
Since the switch element SW1 is turned on, the power amplifier 105 and the 
antenna terminal 101 are connected by the switch element SW1. The switch 
element SW61 is turned off in response to the inverted signal of the transmit 
control signal 112. In the transmit operation, the load impedance from the 
output side of the power amplifier 105 is 50Q of the input impedance of the 
antenna. That is, the load impedance of the output side of the power 
amplifier 105 before the transmit operation is same as that of after the 
transmit operation. The load fluctuation at the oscillator 601 caused by the 
load fluctuation at the power amplifier 105 is reduced. As a result, according 
to reduce the load fluctuation at the oscillator 601, the noise radiated from the 
antenna ANT is reduced. 

Fourth preferred embodiment 

Fig. 6 is a schematic diagram showing a receiver/transmitter circuit of a 
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fourth preferred embodiment. In the receiver/transmitter circuit of the fourth 
embodiment, the receiver/transmitter circuit includes a switch circuit SW62 for 
connecting the output terminal of the power amplifier 105 to the receive circuit 
103 in response to the transmit control signal 112. The switch circuit SW62 
includes a NMOS transistor. The NMOS transistor included in the switch 
circuit SW62 has a first electrode connected to the output terminal of the power 
amplifier 105, a second electrode connected to the input terminal of the low 
noise amplifier 106 and a gate electrode connected to the transmit control 
signal line 112 via the resistor R61 and the inverter INV61. The inversion 
signal of the transmit control signal 112 is applied to the control gate of the 
transistor. 

When the receiver/transmitter circuit disclosed in the fourth 
embodiment is used as RF circuit of Bluethooth, the value of the input 
impedance of the low noise amplifier 106 is designed 50Q by a matching circuit. 

An operation of the receiver/transfer circuit in the fourth preferred 
embodiment is described below. 

First, before transmit operation, the transmit control signal 112 is the 
“L” level. The switch element SW1 has off state in response to the “L” level of 
the transmit control signal 112. The power amplifier 105 and the antenna 
terminal 101 are disconnected by the switch element SW1. The switch 
element SW62 is switched ON in response to the inverted signal of the transmit 
control signal 112. The output terminal of the power amplifier 105 is 
connected to the input terminal of the low noise amplifier 106 by the switch 
element SW62. That is, the load impedance from the output side of the power 
amplifier 105 is 50Q of the input impedance of the low noise amplifier 106. 

Second, at the start of the transmit operation, the transmit control 
signal 112 is changed from the “L” level to the “H” level. The switch element 
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SWl is turned on in response to the “H” level of the transmit control signal 112. 
Since the switch element SWl is turned on, the power amplifier 105 and the 
antenna terminal 101 are connected by the switch element SWl. The switch 
element SW62 is turned off in response to the inverted signal of the transmit 
control signal 112. In the transmitting operation, the load impedance from 
the output side of the power amplifier 105 is 50Q of the input impedance of the 
antenna. 

That is, the load impedance of the output side of the power amplifier 
105 before the transmit operation is same as that of after the transmit 
operation. The load fluctuation at the oscillator 601 caused by the load 
fluctuation at the power amplifier 105 is reduced. As a result, according to 
reduce the load fluctuation at the oscillator 601, the noise radiated from the 
antenna ANT is reduced. 

Fifth preferred embodiment 

Fig. 7 is a schematic diagram showing a receiver/transmitter circuit of a 
fifth preferred embodiment. In the receiver/transmitter circuit of the fifth 
embodiment, the receiver/transmitter circuit includes a delay circuit 901 for 
delaying the transmit control signal 112 and for outputting the delayed signal 
as a switching signal 914. The delay circuit 901 is connected between the 
transmit control signal line 112 and the switching signal line 914. The 
switching signal 914 outputted from the delay circuit 901 is passed through the 
switching line 914. The switching signal line 914 is connected to the switch 
element SWl via the resistor Rl. Other components are the same as 
disclosed in the first embodiment shown in Fig. 1. 

An operation of the receiver/transmitter circuit in the fifth preferred 
embodiment is described below. Fig. 8 is a plot showing the transmit control 
signal 112, a switching signal 914 and a frequency outputted from a PLL circuit 
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108. At tl, the PLL circuit 108 is activated. The frequency at the PLL 108 
is converged to a predetermined frequency. The transmit control signal 112 is 
changed from the “L” level to the “H” level at the t2. The PLL circuit 108 and 
the input terminal of the power amplifier 105 are connected by the switch 
circuit SW3 in response to the “H” level of the transmit control signal 112. 
The power amplifier 105 is activated in response to the “H” level of the transmit 
control signal 112. Accordingly, the activated power amplifier 105 is 
connected to the oscillator 901, the load impedance at the oscillator 901 is 
fluctuated. Since the load impedance at the oscillator 601 is fluctuated, the 
frequency generated in the oscillator 901 is fluctuated. Then, the frequency 
oscillated by the oscillator 901 is converged to a predetermined frequency. 

The switching signal 914 is changed from the “L” level to the “H” level 
at t3. The switch element SW1 is turned on in response to the “H” level of the 
switch signal 914. Since the switch element SW1 is turned on, the 
transmission signal 110 outputted from the power amplifier 105 is transferred 
to the antenna terminal 101 via the switch element SWl. After the frequency 
at the output of the PLL circuit 108 is converged to the predetermined 
frequency, the transmission signal 110 is transferred to the antenna terminal 
101. As a result, the noise radiated from the antenna ANT is reduced. 

While the preferred form of the present invention has been described, it 
is to be understood that modifications will be apparent to those skilled in the 
art without departing from the spirit of the invention. The scope of the 
invention is to be determined solely by the following claims. 
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